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IVANENKO, I. P. 


IVANENKG, I. P. -- "The Method of Moments in Cascade Theory.” Moscow Order 
of Lenin and Order of Labor Red Banner State U {meni MN. ¥. Lomonosov. 
Moscow, 1955. (Dissertation for the Degree of Candidate of Physicomathe~ 


matical Sciences.) 
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APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-0 


CIA-RDP86-00513R000619010001-3 


08/10/2001 


"APPROVED FOR RELEASE 


CIA-RDP86-00513R000619010001-3" 


08/10/2001 


APPROVED FOR RELEASE 


E: 08/10/2001 CIA-RDP86-00513R00061901 1-3 


H PEtht 5 ; : ate i : pig cam HF 
PST ats aie whe =| 3h es Be Ore ater Bes Bor a tahide essed ois AN oleahaat au 
? ae se abe ve = : 


IVANENKO, I.P. 
rene cad ves in lig 

Electren and pheten cascade cur 

Inv AN SSSR Ser.fiz.19 no 6262628 H-D '55. 


ht and heavy elenents. 
(Higa 9:4) 


1.Moskevskiy gesudarstvennyy vaiversitet imoni M.V.Lemenesova, 
: (Cosmic rays) (Nuclear physics) 
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USSR/Nuchear Physics - Elementary Particles 
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Abst Journal : Referat Zhur ~ Fiziki, No 12, 1986, 33911 
Author ; Ivanenko, I. P. 
Institution Moscow State University, Moscow, USSR 


Title Cascade Curves of Electrons and Photons for Lead 


original 
Periodical Dokl. AN SSSR, 1956, 107, No 6, 819-822 


Abstract phe 2 first moments ¢t and t2 of the depth t of the distri- 
nution functions of electrons Np(Bo: QO, t) in lead with energies 
greater than.zero in 8 shower caused by & primary electren or 

photon of energy Eo ave calculated. The moments are calculated 
with allowances f0 1 adsorption co~ 
efficient of the photon on the energy and with allowance for the 
multiple Rutherford scattering of the electrons at primary~- 
particle energies from 3 to 330 Mev. The resultant valuas of 


619010001-3" 
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USSR/Nuclear Physics - Elementary Particles 


Abst Journal : Roferat Zhur - Fizika, No 12, 1966, 33911 


the moments were used to plot the cascade curves. The cascade 
curves were approximated i the author with the aid of a sum 
of Laguerre polynomials y) : 


k 


N(Eo, 0, t) = (¥t)t eo % i iicyt) 
=C 


The coefficients A, , determined from the orthogonalil:y cond1-- 
tions of the Laguerre polynomials, are simply related to the 
moments of the unknown function; wf was considered to be equv=: 
to the minimum value of the coefficient of absorption of the 
most penetrating portion of the radiation, namely the photons. 
Cascade curves are given for feats due to bie primary electrons 
in the energy region from 3 ° 10© to 102° ev and from the 
primary photons with energies from 3 to 330 Mev. 
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Saag ee ee ba ey ee 
a = -- __B 
AUTHOR TVANENKO, I.Pa; MALKOV, MoA« PA - 2C33 
TITLE The Energy spectrum of Cascade Photons tn Light Substances. (Rue st an) 
PERTODICAL Zhurnal Eksperimental'noi 4 Teoret.Fiziki, 1957, Vol. 32, Nr ly 
_— pp 150-151 (U.S.5.R.) 
Received 3/1957 Reviewed 3/1157 
ABSTRACT py the momentum method (pertinent yorks aré@ cited) it was possible to ts, 3 
furnish a nearly complete description of the one-dimensional davelopmant 7 


of electron-photon cascade showers in light 4s well as in heavy substian- 

cas. The mathod is based on the computation (with the aid of recurrence : 
formulae) of the momenta in the depth t from the function N(EesE°s*) of 
the distribution of the number of particles with an energy exceeding the 

value & in a shower which is produced by @ primary particle with tha 

energy Eo- 

I. P. TVANENKO, Zhurn. Eksp ot Teoret.Fiz-, Vol 32, Nr 2(in print: , 19577, de- 
veloped @ method for the computation of the energy spectra of cascada E 
electrons using @ system of polynomials which sre orthogonal fin the 

interval 0,"). In tha present work th® cnergy spectrum of casrnade piaotons 

in light substances ig computed in a fimilar manner. The resuits of the 
computation ef the number { N(Eo jE°,t)} P,Yof the particles in the shower 
produced by a primary electron or photon in air are given yor several : 
values of E°, Eo, and t in two tables. | 
The accuracy of the computation method employed here was exardned by 
different works (cited here) Besides, the values of the appvoximated 
curves agree within a 10 o/o limit with the values computed vy means of 
the exact formas of the theory at E,/p> 1- Here 6 denotes the critical 
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AUTHOR IVANENKO I.P. PA ~ 2680) 
SITLE “The squilibrium spectrum ef electrens and phetens with af 
. scattering taken inte account. (0 rawnevesnom apektre elaktrenev 
: i fetenev s uchetem rasseyaniya.- Russian) 
PERIODICAL (ose) Bksperin. i Teeret. Fiziki 1957, Vel 32, Nr 2, pp 333=337 
. USSR we 
Received: 5/1957 Neviewad: 6/1957 
ABSTRACT The present werk supplies the exact selutien ef the equatien 
ef this .equidibrium spectrum, i.e. an expressien is feuni for 
the angular- and energy diatributien ef the particles in the 
maximum ef a shewer in heavy saubstances. 
At first the basic equatiens ef the sascade theery are written 
dewn in censideratien ef soattering: 


coo H(9 Plat) =| CP(Eoit EP), CE otiE, PL ERMME) Ag P(Eot,E,) 
wa dart =LCP(Et, E, +), P(E. t.E, wy). 


Here P and [ denete the functions ef the distributien »7 
electrens and photens respectively ever the depth t, tha enorgy 
E and the angle AY in a shewer which is caused by a primary 
particle with the energy E.. L, and Lb, are integrediffarential 
eperaters which uct upen the vatiable E and take inte -agceunt 


the preductien ef pairs by phetens, radiation deceleration und. 
fenization leases ef the eleotrens. A k denetes the LAPLACE 


GARD 1/2 “eperater and E,. = 21 applies. The auther assumes the felloving 


—"" AUOUVEATIUNS MOSCOW State University, 
PRESENTED BY: - 


SUBMITTED: 2. 12. 1955. 
AVAILABLE; Library of Congress. 
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pie ARTE pe bone ep eb pe Hn Men fice ee ft den bafli fe et 2 eee. Et 
wee = AUTHOR IVANENKO, I.Pe, PA = £960 
om, » TITLE The Eriergy Spectrum of Avalanche Electrons in Lead. 


(Energeticheskiy spectr lavinnykh electronov vy svintse ~ Russ ian) 
PERIODICAL Zhurnal Eksperim, Teoret. Fiziki, 1957, Vol 32, Mr 3, 
; pp 491-97, (WoSeSoke ) e . 


_ Received 6/1957 Reviewed 7/1957 
or. ABSTRACT The method for the computation of the cascade curves suggested previcusly 
eee by the author can easily be generalized for the computation of the erorgy 


spectra of avalanche particles in heavy elements. The present paper Sur- 
nishes recurrence formulae for the moments of the function of tha depth 
he distribution of particles with an energy higher than E° in a shower which 
ee is caused by a primary particle with the energy Ep. These formulae are 
oy here given explicitly. The results of the computation of the moments t and 
t® for lead, carried out by taking accouvit of the dependence of tha total 
absorption coefficient ¢() of the photons upon energy,and ir. considiration 
of RUTHERFORD'S scattering of the charged particles, are shown togetrer in 
a table for some. values ofthe energies EK and K°, The distritution func- 
tions computed here are shown in a diagram. In a given depth tj behicd the 
maximum of the avalache the energy spectrum of the avaiache particles will 
be softer in light elements than in heavy elements. The authcr confirms 
this by further computations. From various curves given here the "equi- 
librium spectrum" integrated with respect to depth can be determined. It 
agrees with an accuracy of lo/o with the expression obtained by TAlM, J. 


Card 1/2 and BELENKY, So,JoPhysoUSSR,Voll, Nr ?,p 177 (1.939) which spwaks for the 
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PA ~ 2960 
The Energy Spectres of Avalache Electrons ir Leud. 


accuracy of numerical results. Thus, the cascade curves for lead found 
here do rot differ by more than 5 tc 1o°/o from the exact curves, Also 
the formulae are written dom for the case that a photon spectrum of the 
type P(g s058yV) © Py(os#)8( 1) falls on to the boundary of the material 
layer. (Here E, denotes the upper boundary of the spectrum). The results 
obtained are corractin the case of such tests in which the measucing de- 
vice is: surrounded on all sides by an absorber. 

(4 i11., and lh tables.) 


ASSOCIATION Moscow State University. 
PRESENTED BY 

SUBMITTED 2.12.1955. 

AVAILABLs Library of Congress. 
Card. 2/2 
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56--3-56/59 
AUTHOR: Ivanenko, I.P. 
9 
TITLE: On the Function of the Angular Distribution of tle Particle s 


in the Maximum of a Cascade Shower (O funktsii wjslovego ras- 
redeleniya chastits v maksimume kaskadnogo livny'a) 
Letter to the Editor) 

PERIODICAL: Zhurnal Eksperim. i Teoret. Fiziki, 1957, Vol. 35, Nr 3 (9), 
pp. 825 - 627 (USSR) 


ABSTRACT: S.Z. Belen'kiy (Lavinnyye protsessy v kosmicheskikh luchakh, 
Gostekkizdat, 1948) computed the function of the distribution 
of the particles over the energies and angles in the maximum 
of a cascade shower without assuming the smallne3s of the 
angle of deviation. Scattering, howevar, was loo;red upon a3 
a multiple scattering. The latter, restriction d»es not exist 
in the case of the present paper. The equation for P(E, O) 
integrated with respect to the depth of the deve lopment of 


the shower, which corresponds to this case, is weitten down 
here. Ionization losses are not taken into account here and 
therefore the computations discusses here hold for the ener- 8 5, 
gies E> f. The snlution of this equation is set up in form of 
a series according to Legrendre polynominals. The further de- 

Card 1/2 velopment of the computation is sketched out and the result 
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On the Function of the Angular Distribution of the Particles in the Maximum 


ASSOCIATION: 


SUBHITTED: 


AVAILABLE: 
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of a Cascade Shower 


obtained by approximation by taking into account the screen~ 
ing and the finite dimensions of the nucleus (i.e. the fune~ 
tion of the energy- and angular distribution offthe eleotrons) 
is written down. The functions dn occurring at the bagin- 
ning of the development in series are specially written down. 
In conclusion also the expressions for aaa and cos 

are determined by means of the distribution functions derived 
here. There is 1 Slavic reference. 


Moscow State University 
(Moskovskiy gosudarstvennyy universitet) 


June 25, 1957 


Library of Congress 
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AUTHOR: IVANENKO, I.P. 56~7~20/66 

TITLE: The Energy Speatium of Cascade Electrons in Light Substances. 

A ae rae -toheeey spektr lavinnykh elektronov v legkikh veshcohestvakh, 
Russian) : 

PERIODICAL: Zhurnal Eksperim. i Tecret. Fiziki, 1957, Vol 35, Ny 7, pp 135-138 
(U.S.S.R.) 

ABSTRACT: By means cf the moment method the energy speotrum of shower elec 
trons in light substances is calculated. The stiowers create 
either electrons or photons. For both cases_ the functions 

P 
{Xp (Eo ts z) and {ip (Eg: ts )} r are numerically 
tabulated, viz. for E, from 0,6 - 15; E from 0,03 - 2; and 
t from 0,1 - 4,0. (With 2 Illustrations and Slavic Refereices). 
: ASSOCIATION: Moscow State University (Moskovskiy gosudarstvennyy universitet) 

PRESENTED BY: 

SUBMITTED; 15.12.1956 

AVATLABLE: Library of Congress 
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AUTHOR QUZHAVIN VoVe, TVANENKO I.P. PA — 3135 
TITLE On the Function of the Angular- And the spatial Distribution of the 


Particles in the Maximum of a Cascade Showa o 

(a funktsii uglovogo 1 prostranstvennogo rdpredeloniye chastits v maksi- 

7 mune kaskadnogo iLivnya) 

Mey PERIODICAL Doklady Akademii Nauk sSuR, 1957, Vol 113, Nr 3, pP 635-536 (UeSoScRo) 

ere fleceived 6/1957 : js , Reviewed 7 1957 

; ABSTRACT According to the opinion of the authors the method of moments is well suite 
ed for the solution of the problem mentioned above. The authors here sug- 
gest a simple method for the computation of the functions from ‘the knew 
moments, a3 mentioned in the title. These functions depend upon rand $). 
only in the combination x9'* BO /E, (x, = % /B,)s where ,- amounts to 21Me. 


The differential function of the angular distribut:.on B(Boy 8 4 ot)*P nna 
( ¥o,8,T,)P(syXe) remains finite atQ= 0. . prs 
The authors sper the function P(1,%0) by @ sum of pokynemiels 


P(1,x9) ° eo*8 a “an ¥ (6X9 ) © The explicit expressions of. the polynomials 
n®0 


V,,(ex) as well as the polynomials Valy) which are orthogonal to them aye 

explicitly givens Aliso the expressions for the coefficients 4, are easily 

determined by the corresponding moments of the function of spatial distri~ 
ution, The results of the computation of the function P(1,xg) are given 

3 in a table. The method of approximation of the function suggested here fure 

; Card 1/2 nishes fairly accurate values even at k © he In addition, also an approxi- 
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AUTHORS: Guzhavin, V.V., Ivanenko, I.P. 
PITLE: On the Function of the Spatial Distribution of Particles in an 
Elactron-Photon Shower (0 fumktaii- prostranstvennogo raspre- 
deleniya chastits v elektronnofotonnon livne) 


PERIODICAL: Doklady AN SSSR, 1957, Vol. 115, Nr 6, pp. 1089 - 1092 (USSR) 


ABSTRACT: In the preparatory paper (Doklady AN SSSR, 1957, Yol. 113, Nr 3) 
a method for the computation of the angular distribution and 
the spatial distribution of the electrons in the maximum of a 
cascade shower was suggested. The present paper develops a 
method for the computation of a more general class of functions 
from their known moments. The authors here investigate the 
function @(r, 8) which ia dependent on the parameter 8 and 
a few other parameters. This function 2s defined in the inter- 
val O€ r<@ _ where forr - O it is valid @(r,8) = (1/r¢78) 

(r, 8). Moreover it is valid Q(r, s) = const # 0; O¢ 8g 2- 
The moments of the function g (t, s) are defined by the for- 
nula ; 


rg(s) = (tx, tea Ci (x, s)rdr and they are as~ 
Card 1/3 sumed as know here. In all pract cally interesting cases it is 


ox tne-polynominals. ec A Se aid 3G boats si 

ee eee opinion this approximation method is suitable 

ne ser ae ems. The present paper applies this method for 
putation of the functions of the spatial distribution 
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On the Function of the Spatial Distributicn of Particles in an aie este 
ton Shower 


citiy. The formulae here deduced also provide useful rasults, 
if for example only the first two rasults are used. There are 
1 table and 8 references, 4 of which are Slavic. 


ASSOCIATION ; Moscow State i University imeni M.V. Lomonosov 
(Moskovskiy gosudarstvennyy universitet im. M.V. Lomono3ova) 


PRESENTED: April 9, 1957, by D.V. Skobel'tsyn, Academician 
SUBMITTED: April 2, 1957 


AVAILABLE: Library of Congress 
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Sov /56-34 -3-33/55 


Guzhavir Vv. V. , lvanenko s I, P. 


On the Function of the Spatial Distribution of Photons in 
the Maximum uf a vascade Shower (oO funktsii prostranst- 
vennogo raspredelaniya fotonov v meksinume kaskadnogo 
livnya 


Zhurnal Eksperimental'noy 4 Peoreticheskoy Fiziki, 1958, 
Vol. 34, Nr 3, pp» 746 - 747 (USSR) 


The authors computed the function of the spatial distribution 
of photons by the method of momenta. The fact that the func~ 
tion of the spatial distribution of the photons Np (x ) with 
an energy greater than E with x_— 0, is proportional to 
(in x_)/x,, is taken into consideration here. Here holds: 
5 Er/z, with E, = 21 MeV. The authors approximate the 


function xp (x,.) by means of the following sum of poly- 


N 
nomi als: x Jin(x,, = Bi(-0\ x.) ea xe 
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| SOV/ 56-34 -3-33/55 
On the Function of the Spatial Distribution of Photons in the iwaxinun of 
a Cascade Shower 


In this case, R(x.) denote the orthogonal polynomials in 


the interval (0, o) with the function of weight Ei(-«\x_). 
Conditions for the calculation of thease polynomials are 
given. Also the explicit analytical terms for some of such 
polynomials R_ are written down. Formulae for the coefficients 
occurring in these terms are given. The rasults of the com- 
putation of the function of spatial distribution of photona 
are illustrated in a diagram and compared with the results 
obtained by G. Moliere (Reference 2) The corresponding 
curves do not differ by more than 20 % up to approximately 
x ow 0.1. With x_~1, these curves differ by approximately 
the double from éach other, but here the curve of Holiere 
ee is already unreliable. The functions of spatial distribu- 
So tion of the photons calculated here (which take into accaurt 
the first 3 momenta) do not differ by more than 10 % from 
the accurate curve. The first diagram also contains the 
function of Byatial distribution of the electrons. Even 
with x. = 10°, the function of photon is 3 times greater 
than the electron function. There are 2 figures and 3 re~ 
Card 2/3 ferences, 1 of which is Soviet. 
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On the Function of the Spatial Distribution of Photons in the iaximum of 
a Cascade Shower 


ASSOCIAVION: Moskovskiy gosudarstvennyy universitet 
(Moscow State University) 


SUBMITTED: November 6, 1957 
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AUTHOR: Ivanenko, I. P. gov /56-35-1-16/59 
FJ ce 
* TITLE: On the Cascade Theory of Showers (K kaskadnoy teorii Livney } 


PERIODICAL: Zhurnal eksperimenial'noy i teoreticneskoy fiziki, 1958, 
Vol 35, Nr 1, pp 132 - 136 (USSR) 


ABSTRACT: The authors of the papers mentioned in reference 1 
investigated the distribution function of particles 
which were produced in a layer of matter during t. and 
t + dt (with energies of between E and E+dE at the 
origin); ther further investigated the equation for 
the average number of particles € (P(E E,t) irrespective 
of ionization losses. In the present paper a solution 

of the last-mentioned equation is given in consideration 

i of ionization losses and of a comparison between the 
results obtained and those of the ordinary cascade 
theory (Ref 2). Otherwise, conditions are the same as 
those of reference 1. The following ansatz is made for 

Card 4/3 a showez caused by a primary electron with the energy =: 
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r (E.E',t)W (E,E! )dz', 


“e(T(E,,E ,t)) "P(E, sB! y+), (Bt-B,B! an", where [" 


characterizes the distribution of photons. For the 
number of electrons produced in a layer between 0 and ¢t 
with energies DE (at the origin), an aoe) is written 


gown and solved. The functions & (No Eo »E,t)) as well as 
oe 85 »E,t), where 


t , 
= j NB) Estar, are in the fcllowing 
0 
tabulated in detail both with and without taking ioni- 


zation losses into account. In conclusion the author 
thanks T.V.Klopkova for his assistance in carrying out 
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computations. There are 2 tables and 5 references, 
2 of which are Soviet. 


ASSOCIATION: Maoskovskiy gosudarstvennyy universitet (Moscow State University) 


SUBMITTED : February 4, 1958 
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AUTHORS: YVolkonskaya, T. G., Ivanenko, Ds Psy 
Timofeyev, Ge. Ae 9° eee 
» TITLE: On the Influence of the Multiple Scattering Effects on 
the Evolution of an Electron-Photon Shower of High Energy in 
Lead (0 vliyanii effektov mnogokratnogea raesseyaniya na 
razvitiye elektronno-fotonnogo livnya bol'shoy energii ¢ 
svintse) 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1958, 
Vol. 35, Nr ly. pp. 293 - 294 (USSR) 


ABSTRACT: This paper describes the results of the calculatiens 
of the Longitudinal evolution of 154 showers caused by a 
primary electron with E = 10'*e¥ for 2 t-units and of 40 
showers caused by a primary electron and photon in lead 
for 4 t-units. The calculations were carried out by means 
of the electronic computer "Strela" according to the 
Monte-Carlo (Monte~Karlo) method. The cross sections 
of the bremsstrahlung and pair-production processes were 
taken from a paper by Migdal (Ref 4), but the authors Look 
Card 1/3 into account that the refraction index of the medium is 
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different from 1. A diagram demonstrates the averege 
energy spectra of the electrons for the depths which 
correspond to 0,5; 1,0; 1,53; and 4 t-units, According 

to this diagram, the energy spectrum is changed by multivle 
scattering: There are meng high-energy particles and les: 
low-energy particles(< 107 eV) with respect to the usual 
spectrum. Finally,tie authors make scm# comments on the 
fluctuations of the number of shower particles, There are 

1 figure, 1 table, and 6 references, 5 of which are Sovier. 


ASSOCIATION: Moskovakiy gosudarstvennyy universitet (Moscow State Uni. 
versity) 


SUBMITTED: § April 8, 1958 
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24(5), 24(6) gov/56-35-5-29/ 56 
AUTHORS: Ivanenko, I. P.,; Samogudov, B. Ye. 
TITLE: Cascade Curves for Copper (Kaskadnyye krivyye diya me ii) 


PERIODICAL: ghurnel eksperimental’ noy i teoretieheskoy fiziki, 1958, 
Vol 35, Nr 5» PP 1265-1270 (USSR) 


ABSTRACT: In experimental work connected with cosmic radiation, copper oF 
jron ionization chambers ere used, which are shielded by filters 
made from various materials. Sometimes, iron or copper is used 

also as filtering material, and it is therefore necessary to 
have sufficiently accurate cascsde curves for these elements. 
(The values obtained for copper can be used also for iron. 

Such curves were obtained for copper py the momenta method 

(Ref 1). When calculating the momenta of the electron distribu- 
tion curve W (2,0) *) Ps 
(Ref 2), the authors also took the dependence of the total]. ab- 
sorption coefficient of the photons 6(B) on energy» and algo the 
Rutherford (rezerfordovskoye) scattering of the avalanche of 
charged particles into account. It is further assumed that the 

Card 1/3 electrons released by electrons or photons of the primary 


by means of a recurrence formule. 
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Cascade Curves for Copper 50v/56-35-5-29/ 98 


energy Ey have an energy in a shower depth t; which is greater 


than zero. (For 6 (8) compare the pook by Heitler (cay tier) 


(Ref 3), a translation of which was published in Moscow. ) In the 
3 cascade theory depth is measured according +to so-called 
. "avalanche length units’; such 4 t-unit for copper amounts +o 


11.6 fen’ the critical energy is A = 16.6 Mev. The results ob- 
Pa tained by calculating the two first moments t(E,19) and +7(£ 30) 
for the primary particle eneTéy Ey (Eis measured in(/q units, 


| q = 2-29, GB - the critical energy) are shown in a table. The 
cascade curves obtained are shown for a large number of G ovelee 


(for a primary photon) in diagrams (Figs 1,2) and for primary 
electrons (Figs 3,455) Figure 5 compares the cascade curves 
calculated by the authors (according to momenta) with those ob- 
teined by using the formula developed by Belen' kiy and 
HMaksimov (Ref 2) as well as with those calculated according to 
the formula vy Ott (Ref 6). There are 3 groups of curves for 

é, = 140, 560 and 4400 (E, in e/a units). There are 5 figures, 
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1 table, and 7 references, 4 of which ure Soviet. 


ASSOCIATION: Moskovskiy gosudarstvennyy universitet (Moscow State University) 


SUBMITTED: June 2, 1958 
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SOV/20-122-3-12/57 
Ivanenko, T..Py-~ 
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oe 


TITLE: 


PERIODICAL: 


ABSTRACT: 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86- 


On the Equilibrium Function of the Angular Distribution of the 
Particles in a Cascade Shower (0 ravnovesnoy funktsii ugldvozo 
Taspredeleniya chastits v kaskadnon livne) 


Doklady Akademii nauk SSSR, 1958, Vol 122, Nr 3, pp 367-30 
(USSR) 


In this paper, the formulae for the function of the angular 
distribution of the particles in the maxinun of the shower 

are found in the approximation of multiple scattering. In 
these calculations, the ionization losses are taken into 
account.in the approximation of small and large angles with 
respect to the primary particle of infinite energy. The author 
finds the formulae for the unknown function also for the 

case of a shower generated by a narticle of infinite energy. 
First, the equations for the function P(E, E, o) with respect 


to energy and to the angles are given explicitly for the 
case of a primary electron of the energy Eos This electron 
falls vertically upon the boundary of the Substance layer 
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On the Equilibrium Function of the Angular Distribution of the Particles 
in a Cascade Shower 


. 


at t = 0. A formula is then given for the corresponding dis- 
tribution function of the »hotons. Calculations are discussed 
step by step. Finally, the found distribution functions in 
the approximations of great and small angles are explicitly 
given. The formulae deduced in this paper can he accurately 
applied only to the case Ey = © where Ey denotes the enerry 


of the primary electron. For finite values of Boe the charace- 
ter of the distribution function is very different fron that 
for E. = m. The results obtained by the computation offthe 


functfon of the angular distribution are given in a diagram. 
There are 1 figure and 6 references, 2 of which are Soviet. 


ASSOCIATION: Moskovskiy gosudarstvennyy universitet im. M. Y. Lomonozova 
(Moscow State University imeni NM. V. Lononos ov) 


PRESENTED: May 20, 1958, by D. V.skobel'tsyn, Academician 


SUBMITTED: May 17, 1958 
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"CONCERNING THE TRIDIMENSIONAL ELECTRON-PHOTON AVALANCHE DEVELOPMENT" 
I.P, Ivanenko, V.¥. Guzhavin 


The effect of the energy E, of the primsry particle causing an avalanche, upor. 
the form of the angular and spatial particle distribution function at small values of 
the argument has been considered. An arproitimate method of calculating thease functions 
ts proposed and the angular and spatial dtstribution funetions are presented for 
different values of the parameter S, from 0.4 to 1.6, and the ratios E/E, fron 10 
to 10°. In a number of specific cases, a detailed studv is mede of the behavior of 
distribution functions close to o, with a finite value for =. 


report presented at the International Cosmic Ray Conference, Moscow, 6-11 July 1959 
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31539 
$/627/60/002/000/022/027 


AUTHORS: Volkonskaya, T. G., Ivanenko, I. P., and Timofeyev, G.A, 
ore i 
TITLE: Developmen: of electron-photon showers of high energy tj 
in condensed media , 
SOURCE: International Conference on Cosmic Radiation. Moscow, 


1959. Trudy. v. 2. Shirokiye atmosfernyye livni i kas- . 
kadnyye protsessy, 269-291 


only pair creation, bremsstrahlung and ionization of the atoms of 
the medium were taken into account. The results are given of cal- 
culations concerning the development of approximately 300 showers 


f in lead plates,generated by primary electrons of energy 101? eV., 
mi and of approx. 400 showers generated in photographic plates by pri- : 
me 6rmmary photone of similar energy. Complete data are given on elec- ; 


jae 6 trons and photons of energies E>4+10! ev. (14 energy intervals) at 
m6 Gepths up to 2 t-units. from the integral energy spectra of elec- 
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TEXT: In the computations, carried out by the Monte Carlo method, + 
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pa 153 
eae 8/621/60/002/000/022/027 
ma Development of electron-photon .., D299 D304 
trons and photons in lead at various depth, it is evident that the 
Spectra with multiple Scattering vary: The number of particles of 
higher energies increases whereas that of lower energies decreases, 
It is noted that in the corresponding differential Spectra, the dif. 
ference between the ordinary and the spectra with multiple scatter-~ as 
me )6cing is greater than in the integral spectra. A comparison of inte~ ce, 
Wee gral spectra of electrons and photons in photographic plates with .  < 
m corresponding spectra of ordinary cross-section, showed that the ae 
difference between these Spectra is greater than in the case of 
lead. It is noted. that the experimental error is rather high. The 
number distribution of showers is plotted in figures for various 
depths, together with the Poisson-, Furry- and normal distribution, 
These plots show that at great and medium depths, the distribution 
is asymmetrical and fluctuations of the order of + 0.7 N (>B) are . 
met in approximately 40% of the cases, Hence it is rather difficult : 
to observe the effeci-: under study for showers with E = 1912 
oe The results of computations of the number distributioR functions 
are listed in 23 tables; the standard deviations for several of 
these functions are listed in 2 tabies. There are 10 figures, 25 
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21(0) 
AUTHORS : Vernov, S. N., Gorchakav, fe. Vo, S0V/56-36-4~-39/70 
Ivanenko, I. P., Khristiansen, G. B. 
meme 
TITLE: On the Development of the Nuclear- Active Components 
in Extensive Atmospheric Showers (0 razvitii yaderno- 
aktivnoy komponenty shirokikh atmosfernykh livney) 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 
Vol 36, Nr 4, pp 1233-1239 (USSR) 


ABSTRACT: Already Guzhavin, Guzhavina and Zatsepin (Ref 1) calculated 
‘the height dependence of high-energy nuclear-~active 
particles and the number of high-energy //-mesons at sea 
level, as well as the hcight-dependence of the nuclear- 
active and of the soft component of extensive air showers. 
The elementary act was calculated acccrding *) Landau 
(Ref 2) and Vernov (Ref 3). For all energies she collision 
cross sections were calculated, and for the free path in 


air the value }, = 65 + 70 g/em? was obtained. The resulta 


ey 
0 
Cara 1/3 of calculations depend in a high degree on Ai however, 
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On the Development of the Nuclear- Active Components S0V/56-36-4-39/7C 
in Extensive Atmospheric Showers 
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Ao is at energies of az10 ev not known from experiments, 
Therefore,the authors of this paper calculated different 
characteristics for the nuclear-active (n.a.) component of 


extensive air showers (e.a.sh.), in which Pes is determined 


by the type of the elementary act and the experimental range 


of the absorption of n.a. particles (z-.10'@ ey). By making 
Simple assumptions concerning the nature of the elementary 
act the spectrum of the n.a. particles in e. a. sh. was 
computed, and likewise the ranges for the absorption of n-a. 
particles and the energy fluxes in the showers, Also the 
probability for the o'servation of one or two high-energy 
noa, particles in a siveu altitude is estimated. The main 
aim of this paper was ty find characteristics of the 

e. a. sh. for various parameters of the elementary act 

and Mie a which are sensitive to the nature of interation. 


It was foundthat besides the e.a.sh. characteristics, 
which depend only weakly on the nature of the elementary 
particle, there exist also such as are highly dependent, 
An exact experimental investigation of the latter may lead 
to important results concerning the elementary aci. 
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On the Development of the Nuclear- Active Components in SOV/56-36-4-39/70 
Extensive Atmospheric Showers 


There are 2 figures and 11 references, 9 of which are 
Soviet. 


ASSOCIATION: Institut yadernoy fiziki Hoskovskoge gosudarstvennogo 
universiteta (Institute of Nuclear Physics of Moscow 
State University) 


SUBMITTED: October 16, 1958 
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AUTHORS : 


PERIODICAL: 


ABSTRACT: 
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Cuzhavin, V. V., Ivanenko, I. P. 30V/56~36-5-32/76 
oe 

On the Dependence of the Mean Angle of Seattering of 

Particles on Their Distance From the Shower 

(O zavisimosti srednego ugla razleta chastits ot ikh rasstoyzaiya 

do osi v kaskadnom livne) 


Zhurnal eksperinental’noy i teoreticheskoy fiziki 1959 Vol 36, 
Nr 5, pp 1509-1512 (USSR) 


Thé problem of the theoretical treatment of spatial cascade 
showers has hitherto not been solved. In the three-dimensional 
cascade theory of showers either a spatial particle distribution 
function is generally used with integration with respaot to the 
angle variable or one uses an angular distribution function and 
integrates over the surface which is perpendicular to the shower 
axis. In connection with investigations of high-energy photon 
showers in photoemulsions as well ag with detailed investigations 
of the soft component in the core of an extensive air shower, 
Knowledge of the complete solid angle distribution function of 
particles appears to be of importance. This is a very complicated 
mathematical problem, which can. be approached for the time being 
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On the Dependence of the Mean Angle of Scattering of S80V/56-36-5-32/76 2s 
Particles on Their Distance From the Shower : 
only by means of methods of approximation (momentum method, , = 


numerical computation by means of an electronic computer}. The 
es authors make a contribution towards dealing with this problem 
$F cs by calculating the average angle 6 (E,x} formed by the 


‘ particles with the energy E with the shower axis at a distance 

a, x from the latter. Scattering is considered to be multiple and 

ee caloulated in Landau’s approximation (Ref 2). Further, 

approximation is confined to small angles (i.e. cos @>/, sin HO), 
and ionization losses are neglected. The results obtained by 
theoretical investigation are compared with the results obtained 
by measurements carried out by N. L. Grigorev and 4. A. 
Kondrat’yeva. Agreement (see table) is goot if it is taken into 
account that the @ - values were measured whereas the 


projections 6. were oalculated, that 0, ates apf 76 holds, snd 


that, besides, errors of measurement amounted to 20 - 304%. 
There are 1 figure, 1 table, and 5 referenses, 2 of which are Soviet. 


Bree ASSOCIATION : Moskovskiy gosudarstvennyy universitet (Moscow State University) a 
ao SUBMITTED: November 24, 1958 ‘ 
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IVANENKO, I.P. 
pee pene eee seaees 
Theory of the passage of nuclear cascades through the atmos 
phere. Zhur.oksp.4 teor.f1z, 37 no 4: 1046-1049 O '59. 
(MIRA 13:5) 


1. Institut vadernoy fiziki Moskovskogo gosudarstvennogo 


universiteta. 
(Cosnic rays) 
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AUTHORS : Vernov, S. N., Corresponding Menber, 80V/20-124~-5-17/62 
AS USSR, Grigorov, N. L-, Ivanenko, I. F., Lebedinskiy, 


A». I.; Murzin, V. S., Chudakov, A. Ye. 


TITLE: A Possible Mechanism of the Production of "Terrestrial 
Corpuscular Radiation" Under the Action of Cosmic Rays 
(Vozmozhnyy mekhanizm sozdaniya "zemnogo korpuskulyarnogo 
izlucheniya" pod deysatviyem kosmicheskikh luchey ) 


PERIODICAL: Doklady Akademii nauk SSSR, 1959, Vol 124, Nr 5, 
pp 1022~1025 (USSR) 


ABSTRACT: By "terrestrial corpuscular radiation" the authors mean 

the fluxes of particles moving in the terrestrial magnetic 
field along closed orbits. According to the authors! 
opinion, the following radiation production mechanism 
deserves the most attention: Under the action of cosmic 
radiation, the earth, like any othar celestial body, 

becomes a neutron source. The neutrons traverse the 
magnetic field without being disturbed ag uncharged 
particles and attain great distances from the earth. 

The charged particles originating from neutron decay move 

in the magnetic field along the lines of force. The particle 
in the course of time reaches the region of high geomagnetic 
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secs A Possible Mechanism of the Production of "Terrestrial S0V/20-124~-5-17/62 
oo 8 Corpuscular Radiation” Under the Action of Cosmic Rays 
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latitudes, where fieldstrength increases considerably 
with increasing latitude. In this region the velocity 
vector of the particle will, as the particle approaghes 
the earth, turn so long with respect to the vector H, 
until at the latitude oe the angle between the 


velocity of the particle and the vector # becomes equal 


to 90°. At this point the particle returns and begins 
to move in the rear direction along the same magnetic 
line of force. If conditions are favourable, the decay 


products of the neutrons may perform 10° and more 
oscillations between the northern and the southern 
turning point. Therefore, the intensity of the flux of 
these particles increases by the same amount. Experimental 
data indicate the existence of such a radiation. The 
present paper carries out a closer investigation in order 
to find out by what factors the intensity of these rayn 

is determined. Calculation is followed step by step. The 
authors calculate the intensity of the "terrestrial 
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A Possible Mechanism of the Production of "Terrestrial s0V/20-124-5-17/62 
rae Corpuscular Radiation" Under the Action of Cosmic Rays 


corpuscular radiation" for various heights and latitudes; 
the results obtained by these calculations are shown by 
a diagram. They lead to the following conclusions: 
ie Although the number of neutrons decaying in the earth is 
very small, they may cause intensive cosmic radiation. The 
Vv experimentally determined intensity is by —~ 100 times 
on lower near the equator than calculated intensity. According 
to experimental data there is no terrestrial corpuscular 
radiation in geomagnetic latitudes above 40°, but in the 


present paper j(A = 40°) ., j(A = 0°) is obtained. Ti ‘s 


means non-agreement by more than 10° times the amount. In 
order to reestablish agreement with the experiment, it is 
useful to assume an additional flux of particles from 
“magnetic traps't, which are particularly strong in large 
latitudes. This may be due to the existence of electric 
fields. This assumption also appears to be confirmed by 
the data concerning the considerable increase of 
perturbations of the terrestrial magnetic field with 
increasing latitude. With increasing latitude, the 
interdictions imposed upon energy by Stoermer's theory 
Card 3/4 are being disobeyed to an ever-increasing extent. The 
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mechanism discussed in the present paper must apply 

also in the neighborhood of astrophysicel objects having 

a magnetic field. Therefore, the investigation of this 

radiation in the neighborhood of planets may be a means 

of observing weak magnetic fields. The authors thank 

D. V. Skobel'tsyn for hie advice and M. S. Rabinovich i 

for discussions. There are 2 figures and 7 Soviet references. i ‘ 
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{Radiation belts of the earth. Primary cosmic radiation and its 
properties and origin} Radiatsionnyi poiaa Zemli. Pervichnoe 
kosmicheskoe igluchenis, ego svoistva 4 proiskhozhienie, Moskva, 
Izd~vo Akad.nauk SSSR, 1960. 258 p. (Trudy Mezhdunarodnoi 
konferentsil po kosmicheskim lucham, no.3) 
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TULINOV, V.F., red.; SYROVATSKIY, €.I., red.; PHDOROV, V.M., red.; 
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{Transactions of the International Conference on Cosmic Rays) Trudy 
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(Nuclear reactions) 
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(Extensive air showers and cascade processes} Shirokie atmosfernye 
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1. International Conference of Cosmic Radiation. 


(Cosmic rays) 
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7 MOVA, N.M., red.; NIKISHEV, A.I., red.; ZATSEPIH, V.I,, rede; 

ri 4s KHRENOY, B.A., red.; SYROVATSKIY, S.1,, red.; FHDOROV, V.M., 

red.; VAVILOV, Yu.N., red; ABROSIMOV, A.T,, red.; GUS'KOV, @.G., 

red,izd-va; BRUZGUL', V.¥., tekhn.red. 


[Transactions of the International Conference on Cosmic Rays ] Trudy 
Meshdunarodnoi konferentsii po kosmicheskim lucham. Moskva, Izd-vo 
akad.naul SSSR. YVol.4. [Variations in the intensity of cosmic rays] 
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* AUTHORS: Vernov, S.N., Chudakov, A.Ye,, Lebedinskly, A,I,, Ivanenko, I.P. 
TITLE: Composition of terrestrial corpuscular radiation and possible mechan- 
isms of its origination 
a PERIODICAL: Referasivnyy zhurnal. Astronomiya i Geodeziya, no.6, 1961, 33, ab- 


stract. 6A287 ("Tr, Mezhduner. konferentsii po kosmich, lucham, 1959, 
v, 3", Moscow, AN SSSR, 1960, 54-58) 


TEXT: Assuming that HS outer radiation belt consists of electrons with 
energy spectrum N (> E}.~wE  f, the value of 7 was determined to ber~5 for @ner- 
gies from 20 to 100 kev, Extrapelazion of this spectrum te the region of lower 
energies (3 - 10 kev) would result in density of energy oF particles which would 
exceed the density of energy of the constraining magnetic fiel¢,. Therefore, either 
the spectrum of low-energy electrons must have & maximum oY jp should be small, A 
weakening of the Barth's magnetic field was observed in the seat of 4 maximum ril- 
led trap. A fraction of auroras ean be explained by leakage cf particles from the 
outer belt into the atmosphere, ‘The source of replenishment of the outer zone is 
golar corpuscular fluxes. At their motion, recombination is possible which gives 
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AUTEGR: whyanenko, To, Candidate of Physical and Mathematical Sciences 
TITLE: Magnetis "Trap" on the Way Into the Universe 
PERIODICAL: Tekhnika molodezhi, 1960, No. 5, pps 35736 


TEXT: The author reports on the Wedistion bel F around the earth which 
were detected by means of artifiofal eartn satellites. 1t had beer known 
for a long time that the earth is a huge magnet. .The megnetic field of 
the earth is a peculiar trap for low-energy charged particles. Physicists 
working at the problem of a controlled thermonne e use this 
principle to keep the hot plasma in a limited volume. On launching earth 
satellites, currents of charged particles were observed which had been 
trapped by the magnetio field of the earth. The various radiations were 
recorded by means of special ‘Instruments designed by the Soviet 
scientists S.N. Vernov, Corresponding Member of the Akademiva nauk SSSR 
‘Academy of Sciences TSSR), A. Ye. Chudgkoy, Candidate of Physical and 
Mathematical Sciences, et al. The Main element of these inatruments is 
the gas ¢ischarge counter by means of which the number of charged me ee 


Card 1/3 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3" 


"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-005 
; z : = = 13RO a 
ne ease osreb ck EE Se ee ia {Epa aT Ee eel BETRUEE] VERY Vises Pipa Fa ERA AS SHER MES BOTS | Gd FE PIE EE shesacaienhat arate . : 


30649 
Magnetic "Trap" on the Way Into the Universe $/029 60/000/05/21 /024 
BO008 /B017 


can be determined. The so-called scintillation counter is used to 
determine their energy. Soviet earth satellites furnished the first 
information on the high intensity of charged particles at altitudes of 
225-700 km above the northern latitudes. The same observations were 
made by American earth satellites at altitudes of over 1,000 km above 
the equatorial latitudes. Only the launching of the third Soviet earth 
satellite made it possible to detect two radiation zones around the earth. 
The measuring instruments indicated the boundaries of the internal radia- 
one tion zone. On the basis of the analysis of data obtained from the instru- 
ee ments, SN. Vernov and A. Ye. Chudakov succeeded in proving that the 
protons with energies of about 100 million electron volts predominate 
‘| in the internal radiation zone. The two scientists also suggested a 
hypothesis which explains this result in the most plausible manner. The 
instruments of the third earth satellite also furnished important 
information on the outer radiation belt. It was found that its radiation 
consists of high-energy electrons (about 100,000 ev). The number of 
eee these electrons changes in the course of time. According to data furnished 
by the instruments, the radiation intensity of the internal radiation belt 
remained almost constant. Exact data on distribution, composition, and 
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energy of particles of the outer radiation belt were obtained by means of 

the first two Soviet cosmic rockets. The scientists explain the formation 

of this belt with the periodic emission of particles from the sun. 

Apparently, @ very small portion of particles emitted by the sun is caught 

by the trap where they remain. The detection of the two radiation belts 

is of great importance for the development of space travel. The tnvesti- 
gation of such radiations may also serve as a means of detecting weak 

magnetic fields of other celestial bodies. On p. 1 the photograph of , : 
8, N. Vernov, Corresponding Member AS USSR, is shown, There ere 5 an a 
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Effect of the initiating particle on the three dimensional development 
of a cascade shower. Zhur.eksp.i teor.fiz. 38 no02s662-664 F ‘Gb. 
(MIRA 1435) 


1. Institut yadernoy riziki Moskovskogo gosudarstvennogo universiteta. 
(Cosmic rays) (Particles (Nuclear physics)) 
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AUTHORS: Vernov, S. Ne, eo I. P., Kulikov, G. V. 
Ebrietiensen, > 


TITLE: The Nature of the Particle eee the Core of an Extensive 
Air Shower /¢ 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 2(8), pp. 509 - 512 


TEXT: In an earlier paper (Ref. 1) the authors communicated their 
investigations of a shower core by means of diffusion chamber. They found 
that narrow beams consisting of 4-15 particles appear, and the beam 
trajectories are collinear. These particle beams are, either, cores of 
electron-photon avalanches released from ™ -mesons, or groups of high- 
energy muons. Which of these alternatives is correct, is now investigated. 
In the present paper, the authors show that the latter is much more 
probable. The first assumption is discussed in detail, and the experiment 
and its results are analyzed from this satand-point. The observed number 
of particles in the beam can only be released by primary particles whose 
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The Nature of the Particle Beams in the Core 8/056 60/039/002/042/044 
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energy 5,210" ev. The energy spectrum of electrons and photons in the 
avalanche at a depth of 2t-units had the following form (N - number of 


particles released by particles with EB 
8 9 10 O° 

E 10 10 

W, (> 8) 5.5 4.0 

Monot $7 ©) 10 8.0 

For their experiments, the authors used a plate of lead glass (type 14-1 

(TF-1)) with high lead content. This plate covered one half of the 

diffusion chamber. 850 hours of measurement were made in the open chamber 

and 440 hours in the closed one. The actual number of particles observed 

in the showers is much smaller than that which would be expected if the 

first assumption on the nature of the collinear beam were true. Experi- 

ments performed with diffusion chamber, arranged above two rows of 

jonization chambers, gave similar results. The second assumption, that 


the observed beam consists of #-mesons, is then briefly discvesed. For 
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AUTHORS: Dobrotin, N. A-, Grigorov, N. Les Zatsepin, G. Te, 
A Ivanenko, I. P., Charakhch! an, Ae Ne, Ghudakov, A. Ye. 
FPO RETA RAE NE ats react on ace 
TITLE: Sergey Nikolayevich Vernov (On His 50th Birthday) 


PERIODICAL: Uspekhi fizicheskikh nauk, 1960, Vol. 72, No. 1; 
pp. 153 - 155 


° TEXT: Sergey Nikolayevich Vernov celebrated his 50th birthday on \ 

a! July 10, 1960. The beginning of his scientific activity coincided with 
the beginning of an intenaive research on cosmic rays (1931-1932). By 

; his first studies he built the foundation for the present-day methods 

a of investigating cosmic rays ingide and outside of the stratosphere by 

us means of radio signals emitted by automatic devices. From the start, 

Vernov worked in close contact with Aca¢emician D. VY. Skobel'tsyn. In 

1939, he completed a geries of studies on cosmic rays in the strato- 

sphere, measured at various latitudes. Stratospheric ueasurements nade 

by Vernov from 1946 to 1949 yielded particularly detailed informaticn 

on the nature of primary radiation. Basing on rules found by experiments 
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to govern the absorption of the primary components in the atmosphere; 
Vernov reached an important conclusion concerning a strong interaction 
of the primary particles of cosmic radiation with matter. In 1949, 

S. N. Vernov headed an expedition of Soviet physicists to the equatorial 
latitudes in the Indian Ocean. Stratospheric investigations made in the 
course of that expedition yielded convincing evidence of the existence 
of the disputed, so-called east-west asymmetry and of the positive 
charge of particles of cosmic radiation. For his research of cosmic ra- V 
diation in the stratosphere, Vernov was distinguished with the Stalin 
Prize of ist Class in 1949. From 1947 to 1949, Vernov organized compre- 
hensive studies of the interaction of high-energy protons with matter in 
the stratosphere. Collisions of protons with atomic nuclei were found to 
give rise to an electron-photon component of cosmic radiation. This al~ 
lowed the assumption that rapidly decaying mesons giving rise to the 
formation of photons and electrons are produced in the course of such 
processes. This hypothesis was confirmed by the discovery ef n°-mesong. 
In 1949 and 1951, Vernov and collaborators obtained experimental data 
confirming the presence of nuclear cascade processes in 1010-ev primary 
coamic particles. Vernov supervised comprehensive research work on the 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3" 


"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3 
a FeO |S wae Eis ahi Bale lespee cgtteg (ee oldeaeeh SLs a ? 


EUPEDSREatT BIE 


Sergey Nikolayevich Vernov (On His 50th 8/053 /60/072/00t /005/005 
Birthday ) B013/B060 


interaction of cosmic rays with matter and obtained an insight into the 
mechanism of the formation of secondary cosmic rays in the atmosphere. 
It became thus pessible to describe this process quantitatively. On 
Vernov's initiative, elementary processes of the interaction of 


101! - 10! ev particles with atomic nuclei are being studied from a 
stratoplane. Under his supervision, a first-class laboratory was estab- 
lished at Moskovskiy gosudarstvennyy universitet (Moscow State Universi- 
ty) to serve for research work on interaction of ultrahigh~energy par-~ 
ticles (1014 - 1016 ev) with matter. The USSR network of stations for 
the permanent recording of cosmic rays was established with his partici- 
pation, and is now operating under the IGY program. In acknowledgment 
of his scientific achievements, Vernov was elected Corresponding Member 
of the Akademiya nauk SSSR (Academy of Sciences USSR) in 1953. He was 
awarded the Lenin Prize in 1960 for his discovery and research of the 
outer radiation belt of the earth. S. N. Vernov is the head of the 
NIIYaF MGU t esearch Ingtitut 

eg Vers , and runs the special section of the fizicheskiy fakul'- 
tet MGU (Department of Physics at the MGU). There are 1 figure and 
37 Soviet references, 
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AUTHORS: Ivanenko, I.P., and Shabanskiy, V.P. 
: TITLE: The acceleration of particles in the Earth's outer radiation 
belt 


PERIODICAL: Geomagnetizm i aeronomiya, V- 1, no. 6, 1961, 888-896 


TEXT: Conditions in the inner and outer radiation belts of the Earth are 
compared. The relative stability of the outer belt is stressed. Particles 
in the outer belt may be accelerated under the influence of hydrodynamic 
waves originating on the boundary between the geomagnetic field and inter- 
planetary plasma. It is shown that fairly fast protons and eJectrons are 
lost by being carried by hydromagnetic waves into denser layers of tha 
* atmosphere. The energy density of electrons with an energy of. several tens 

ao of kev is either one order {according to a later estimate) or three orders 
(according to Van Allen) higher than the energy of the cold component, while 
the energy density of electrons with more than 200 kev is 1+2 orders higher. 
Whatever the estimate, the Debye radius of the energy component is con- 
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siderably smaller than the outer zone (L~~ 3+109cm ). Therefore, the energy 
. component assumes the form of e plasma and all its properties; one should 
“aos not proceed from the assumption that the separate particles move in a gec~ 
magnetic field in questions concerning the potential acceleration of 
particles, their injection from solar flows, zonal instability, etc. There 
igs no attachment between the Earth's nucleus and the force lines of the 
outer field because there is a neutral layer of atmosphere between the Barth 
and the ionosphere. Therefore,unly the latter can have a stabilizing in-~ 
fluence. But the energy of the particles of the radiation field contained in 
the neighboring tubes of force, vhich become considerably narrower towards 
the ionosphere, may be sufficient for slow displacement of the mass of the 
ionosphere during convecticn of these tubes. This may be one cause of 
jonospheri¢ winds. It follows that, besides jonization losses and the exit 
of particles throug magnetic plugs, particles can algo escaps from a geo- 
ee magnetic trap by means of the relative convective instability of the system 
ae and the exit of tubes of force with the energy component of the plasma on the 
outside. Particles should accelerate endlessly; because the depth at which 
they enter the atmosphere and disintegrate is determined by the point of 


Card 2/4 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3" 


"APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3 


roca 1s a2 el Prise Ab pe rd! 8 CRE REISS ered cea eT Red treed eke ERED LE PP os hot EPEC ere eb ee TERE ae bested Sb ee arse TELS Hed be Bota PE Ray Ce Pe ES TE aT ea U bs tent Pah Taek 


$/203/61/001 /006/005/021 
The acceleration ... DO55/D113 


reflection in the magnetic rield and depends on the angle between the 
direction of the particle and the field, Therefore, there must be soma 
mechanism which limits acceleration from above (1) scattering on Alfven 
weaves, whereby the angle between the direction of the particle and the force 
line alters; (2) exit of particles from the geomagnetic field during 
ionization of the tubes of force; (3) removal of energy particles by shock 
waves into denser layers of the atmosphere. When an energy varticle passes ‘ 
through the front of a perpendicular she-k wave in plasma with a magnetic , 
field, the particle accelerates much more quickly than heat particies. This 

: occurs if the Larmor radius of the particle is much greater than the width 

ae of the front. The particle becomes attached to the front for a certain 

time and moves with it. Thus, particles whose Larmor radius is greater than 

the width cf the front,will be carried away by waves reaching the denser 

layers of the atmosphere from the periphery of the geomagnetic field along 

a radius towards the center of the Earth. There are 1 table and i3 

references: 8 Soviet and 5 non-Soviet references. The four most recent 

English-language references are: J.A. Van Allen, C,E, McIlwain, J.H. Ludwig 

- J. Geophys. Res., 1959, 64, no. 3, 271; W.-H. Hess ~ J. Geophys. Reag., 

1960, 65, no, 10, 3107; P. Rothwell, C.E. McIlwain ~ J.Geophys. Res., 1960, 
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65; no. 3, 799, R. L. Arnoldi; R.A. Hoffman , J.R. Winckler - J. Geophys. 
Res., 1960, 65, no. 5, 1361. 


ASSOCIATION: Moskovskiy gosudarstvennyy universitet im. M.V.Lomonosova. 
Institut yadernoy fiziki (Moscow State University imeni 
M.V. Lomonosov. Institute of Nuclear Physics) 


SUBMITTED: October 19, 1961 
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AUTHORS: Guzhavin, V. ¥., Ivanenko, I. Pe. 


TITLS: Angular distribution function of particles in a shower 
released by a primary particle of a given energy 


. PERIODICAL: © Zhurnal eksperimental 'noy i teoreticheskoy fiziki, v.'40, 
; no. 6, 1961, 1682-1694 i res 
TEXT: The authors wanted to derive exact expressions for the angular 
distribution function in a number of special cases. The basic equations 
of cascade theory read, for small angular deviations, i 


AP (Es, E, t, 0)/At = Li IP (Ep, E, t, 0), th tlhe vi - 
T (Eo, E, t, 0)) + (EVAEY) MeP (Ey. E, t, 8), ay | 
OF (Eo. E, t, Oat = Ls IP (Eo, E, t, 0); T (Eo, E, t, 1. 


, 


where P(E, »Eyt,%) and Iz, B,t,¢) are the desired distribution functions — 


for electrons and photons, + is the penetration depth, L, and Ly are 
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integral operators which § ike account of bremsstrahlung and pair formation, . 
EL a8 ( a> peed Ubeensatee , E,#21 Mev. The boundary conditions for. a 


primary, perpendicularly inoident electron or photon read 
P (Eo. E, 0, 0) = 8 (Eo—£) 5 (0}, ‘T (Eo, E,.0, 9) = 0 fs) 


(1a): a 
P (Eo, E,0,0)=0, I (Eo, £, 0, 0) = 8 (Eo — £) 9 (9) ib) Gye 4g ee 
respectively. By way of numerous integral transformations, transformations 
and substitutions, the distribution function of particles on the inoidence ' 
= of an electron is finally obtained. When neglecting the dependence of s- '  .: . 
yee on §, the result of S. Z. Belen'kiy (Lavinnyye protsessy v kosmicheskikh ° | nh! 
oti luchakh, Gostekhizdat, 1948 (Shower processes in cosmic radiation). S. Z.! 
Belen'kiy, I. P. Ivanenko, UFN, 69, 591, 1959) is obtained. The euthors 


also calculated Np (Ep sE sty)” and P(E, »B,t +6)" taking account of the 


dependence of s on &. The. formulas ere rather complicated, and are 
specialised for z&1 and z>1. The difference between the general and the 
two special formules is estimated, and it is stated that the effect of a 
finite = on the form of the distribution function ia fairly important 
Card 2/5° | ? 


and 


APPROVED FOR RELEASE: 08/10/2001 CIA-RDP86-00513R000619010001-3" 


"APPROVED FOR RELEASE: Oo ee sprint ea ‘stereo udev aibdeeek 3 
Spore gy £ TES a paM aa ae 


3/056/61/040/006/01 2/031. 
Angular distribution funstion of ... * B111/B201 
namely, the more important, the smaller E/E and z are. For the 
distribution function in case of an incident photon, 


: Pi ~ op pyP sFy(s,2 72 
7 {Nr (Eo, E, i, 9)) : == {Nr (Eo, E, p} Pa0'a"—VBP (a) ’ (8) 


is derived with 


isc ia | = aaa : Tape 
Fi (8,2) = = d2'2’—Ki_ yp (2’).. 


The angular distribution function of electrons normalized to unity and - ae 
-integrated over the energy is found to coincide with the angular 
distribution function of photons differentiated with respect to E. In: 
addition, formulas ere given for the distribution functions of particles. 
in a shower released by a photon, generally at first, and then specialized 
for z>1 and 2¢1. Likewise, the distribution function of photons in a, 
shower released by a photon is given. It is further stated that the 
distribution functions of electrons normalized to unity do not depend 

upon the nature of incident particles. As regards photons, this state- ~ 
Card 3/5 ; 
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angular problem in electromegnetic cascade theory. lav. AN : 
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ORG: Scientific Research Institute of Ngclear Physics 1s Misanow:Rtiate Untvexmiee : _—. ae 
im. M.V,Lononosov (Nauchno-issledovatel ‘skiy institut yadernoy fixiki Moskovakogo - .. 
gosudarstvennogo) as ie ere ere ee 

TITLE; Concerning the stability of the sclution of the invdrse problem in cascade 
theory /Report, All-Union Conference on Cosmic Ray Physics Held at Apatity 44-31) 
August 1964/0 © Unt Perce area ee 


t 
atin eine 


SOURCE: AN SSSR, Izvestiya. Seriya fizicheskaya, v.29, no). 9, 1963, 1709-1713. | 
} oS ee ees: 

TOPIC TAGS: extensive air shower, mathenatic method, distribution funoti m, inverise.- 
Ce te ie pas es ear mee erie 


‘problex , , 


| 


ABSTRACT: The authors have recently discussed tha inverse prioblen ‘of cascade theory 
(Izv. AN SSSR Ser. fix., 1847, 1964) and have developed. methods for calculating thi 
moments of the probability distributions for the elementary processes involved in a 
, cascade from observed characteristics of tho cascade, In tha. presdn paper thoy dis- 
; cuss tho stability of these methods, using as an example the isimpl¢ furry caacade (iW, 
H.Furry, Phys. Rov., 52, 669, 1937), by calculating the error: in avitluating the mo- 
ments that arise from suall errors in determining the cascade. apectinim. The effects 
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on the different moments of different kinds of exporimental | error are discussed at 
sone length. -It is concluded that the method shows.“ roniso but that. much worls: rendins 
‘to be done before the solution of the inverse cascaue problem; can ‘he. ‘used to derive 
reliable infomation concerning the characteristics of the dlementdry interaction . 
event from experimental data on cosmic ray showers. eee art. hast ‘13 fomulas and 
3 figures. . 
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AUTHOR: Bakhtadze, A.I.; Guehavin, V.V.; Ivanenko, 1.P, 
Se Ng ts VG gs Sag Te eee een et 


ORG: Scientific Research Institute of Nuclear Physics, Noscow State Univ raity im. 


M.V,Lononosov {Nauchno~issledavatel'akiy institut yedernoy iiziki Moskovskogo gosudar~ 
stvennogo) " aeeet a 


eC pi: 
TITLE: On taking ionisation losses into account in electivineenakic. cascsle. theory ‘ieee 
/Report, All-Union Conference on Cosmic Ray Physics held ak Apat{ ty, 24-3). Auguat 1964/ 
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| SOURCE: AN SSSR, Izvestiys. Soriya:fisicheskaya, v. 20, io. 9,165, 1724: 


TOPIC TAGS : secondary cosmic ray, cosmic ray shower, electron, Photon ,- mathemati: 
method : er : 


ABSTRACT: The authora present without detailed proof differential operators: which 
approximate under certain conditions the integral operator of clectron-photon castade | 
theory. Such operators are presented for the four cases in which the cross sections 
are those of Bethe and Heitler with complete Boreening or with corrmct Boreenking iad 
ionization losses oither inokuded or neglected; such an operator 4s also presented for |- 
the case of completely screened Bethe-Heitler cross sections but with the eleatroi 
aagular distribution taken into account. The solutions of the cagcide problei: obs 
tatned with the aid of these operators are discussed, The ‘Biathord. have also #olvid 
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the Sie-dinonatonsl cascade diiations with the cross necticnd: of WuL,Ter-Mikactyan 

{ @okl. AN SSSR, 94, 1033, 1954; Izv. A’ SSSR, Ser. -fiz.:,.19, 657, 1955), which. ieee 
account of polarization of the medium, and with the cross sections! of A, B.Migdal 
(Dokl. AN SSSR, 96, 49, 1954; 2h. eksperin. 4 teor. fiz. ,°32; 633,: 1957), which are. 
valid at very high energies. The use of the Ter-Mikeelyan ctoss sgations Tettaves ithe’ 
low energy logarithmic divergence of cascade theory. The solution ‘of the very high . 
energy cascade equations, using the Migdal cross sections at. ‘energies of 1018-1920 ‘ey, 
differ from those of the cascade equations valid at lower enargies: giminly in: scale: 
the cascade untt is replaced by a length proportional to the: ee root of ihe pri 
mary energy. Orig. art, has: 20 formulas and 2 Tiguros: 
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AUL.AOR: Bakhtadze, A. K.; Ivanenko, Ce ee 
‘ORG: Institute of Nuclear Physics of the Moscow State University (Institut yadernoy 
| fiziki Moskovskogo gosudarstvennogo universiteta 
H 1 
, TITLE: Influence of polarization of a medium on the development and energy character- 
1 istics of electron-proten showers |: 


| 
| source: Yadernaya fizika, v. 4, no. 1, 1966, 161-168 


TOPIC TAGS: cosmic ray shower, proton interaction, electron interaction, pair pro- 
duction, spectral energy distribution 


total screening (for media with small and medium z). The Bethe-Heitier expression 
(proc. Roy. Soc. v. 146, 83, 1934) is used for the probability of pair production in 


1 

| . 

| ABSTRACT: The authors develor a one-dimensional cascade theory of shower production 
‘ medium in the case of total screening. The general equations of the one~dinensional 


| 

} 

| 

| 

2 
in a medium, with ond without allowance for the ionization losses, in the case of. | 

i 

= 


“theory are derived and solved by a procedure similar to that used by S. Z. Belen'kiy 

(UFN v. 69, 591, 1959 and earlier). ‘he energy spectra of the particle number in the 
shower and the dependence of the particle number on the depth are Getermined from 

_ equations and the results are compared with other published data. An advantage = 
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| of the method iu -..* o:) the equilibrium spectra remain finite when account is taken 
| of the polarizati-.. nj ke the Bethe-Heitler cross sections, which lead to singu- 
jarities. Orig. art. =/3: 2 figures, 13 formulas, and 4 tables. 
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fe ACC NR: apyoossss | ae a “SOURCE CODE: “UR/0367/66/004,/004/0807/0211. 
“AUTHOR: Ivanenko, I. P.; Samosudov, B. Ye. , 


mG: .Nuclear Physics Institute, Moscow State University (Institut yadernoy fiziki 
Moskovskogo gosudarstvennogo universiteta) ; 


PITLE: Electron and photon equilibrium spectra with polarization of the medium ard 
multiple scattering taken into account 


“SOURCE: Yadernaya fizika, v. 4, no. 4, 1966, 807-811 


TOPIC TAGS: electron spectrum, particle scattering, photon 


SUB CODE: 20 


1 : 

! ABSTRACT:. Expressions are obtained for electron and photon equilibrium spectra, in 

tthe B-approximation of the cascade theory, taking the polarization of the medium 
'into account, Expressions are obtained for the equilibrium spectra, taking scattering: 
into account for showers produced by particles with given finite energy Ey). Orig. 

arte has: 16. formulas and 1 table. [Based on authors! Eng. abst.] [JPRS: 39,658] 
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AUTHOR: Vaskin, A. I.3; Guzhavin, V. V.; Tvanenko, I. P. 


ORG: Institute of Nuclear Physics, Moscow State University (Institut yadernoy fiziki 
Moskovskogo gosudarstvennogo universiteta) 


TITLE: New method of solving the equations of cascade theory 


oe Zhurnal eksperimental'noy 4 teoreticheskoy fiziki, v. 51, no. 5, 1966, 1483- 
1491 


TOPIC TAGS: cascade, bremsstrahlung, electromagnetic interaction, approximate solu- 
tion, particle distribution 


ABSTRACT: This is an elaboration of an earlier communication (tv. AN SSSR ser. fiz. 
v. 29, 1714, 1965), where a new method of solving the equations {cf electromagnetic 
cascade theory was outlined. The method is based on replacing the integral operator 
describing electron bremsstrahlung and pair production by photons by e simple ap. 
proximate differential operator. In many cases this substitution greatly simplifies 
the integral differential equations of the cascade theory, reducing them to linear 
differential equations. An analysis of the solutions of the approximate differential 
equations shows that these solutions are in many important cases more accurate than 
the non-approximate solutions of the initial exact equations. By way of an example, 
the method was applied to the solution of the equations of one-dimensional cascade 
theory in the two approximation (A and B) defined by 8. 2%. Belen'kiy (Lavinnyye 
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protsessy v kosmicheskikh luckakh [Cascade Processes in Ccsniic Rays], Gostekhizdat, 
ae 1948). The method is applied to calculations with and without account of ionizetion : 
2 Bs losses. Among the problems that can be simplified by this method are the construc- 
Beer: tion of a theory that accounts for the energy dependence of the absorption coefficient 
of the photons, and the determination of angular and spatial, distributions of the 
particles. Orig. art. has: 5 figures, 24 formas, and 1 table. 
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Studying the relationship between underground transportation and 
stoping operations in cases of advancing and retreating mining 

methods. Ugcl'.prom. no.4:14-18 Jl-Ag '62, (MIRA 15:8) 
(Mining engineering) 
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Bearing capacity of rigid reinforced concrete supports of some 
factories of the Donets Basin. Trudy NPI 101:61-79 '60, 


(MIRA 1535) 
(Donets Basin~Mine timbering) 
(Donets Basin—Reinforced concrete construction) 
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Types c of support elements made of rigid reinforced concrete 
struts. Trudy NPI 140:53-60 '63. 


Studying the durability of timbering made of treated pine 
timbering. 1bid.:79-87 (MIRA 17:9) 
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Effect, of antiseptizing mine supports made of pine on their 
strength. Izv. vys. ucheb. 2zav.$ gor. zlur. no.8338-43 264 
(MIRA 1821) 


1. Novocherkasskiy politekimicheskiy institut. Rekomendovana 
kafedroy razrabotki plastovykh mestorozhdeniy, stroitel'stva 
+ rekonstruktsii gornykh vyrabotok. 
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(Yolga Valley--Foresta and forestry) 
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